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General Directions

Introduction: Despite the general availability of topographic maps

and detailed air photos, hydrologists are commonly required to prepare

sketch maps, river cross-sections, determine relative elevations of

reference points such as the tops of well casings, etc. The purpose of

this field work will be to learn elementary techniques of surveying with

compass level and transit.

Notebooks: Notebooks containing information from surveys are valuable

records and can even become legal evidence in court. Records in notebooks

'..•
must be neat" legible, complete, and logical. Always record date, party

members, weather conditions, location of survey, reference to established

landmarks, type of survey, and purpose of survey. Your ability to keep a

good notebook will be graded. Although some background material may be

added later, a field notebook is a record of your activities in the field

and should be completed in the field regardless of heat, rain, flies,

hunger, or other sources of discomfort.
;

Ca'libration of pace and eye level: If you have not practiced pacing,
f

this should be done as soon as possible. The length of your pace should

be determined by pacing a known distance several times. With practice,

you should have an error of less than 5%. Also, you should know the height

of you~ eye above the ground. This information is necessary in order to

determine elevation differences using a hand level. Additional height
I

reference points such as ankle height, knee height, waist height and

breast height are convenient for approximating stream depths. These values

should ,be measured, recorded and learned.



General care of .instruments: Surveying instruments are easily damaged.

Please (a) avoid forcing any part of the instruments, (b) place the instru­

ments in their protective boxes when not in use, (c) keep instruments out

of direct sunlight as much as possible, (d) keep instruments dry, (e) keep

instruments out of dirt and dust, and (f) pack instruments in vehicles so

that they do not bounce or rattle when the vehicle is in motion. Please

report any lost or broken parts without delay.

••.•c.

\ , ......

Compass and Pace Traverse

General nature of problem: A compass and pace traverse can be com­

pleted individually and is a quick method to layout the base for an

accurate sketch map. You will be required to determine the relative

position of several points which will be flagged by stakes. The distances

between points will be determined by pacing and the bearings of lines

between points will be determined with a compass. Instruction on use of

the Brunton compass will be given in the field. Additional reference

material, from Compton (1962) is attached.

~
Directions: Start at any point on the traverse. Measure backsigh'l;
,
I

and fqresight bearings to nearest points, then pace to next point and
i

repeat measurements. Data are to be recorded· as follows:

First, make a sketch map showing a north arrow, an approximate scale,

refer~nce landmarks such as roads or bridges, and points on the traverse.

Record bearings and paced distances directly on this map, fall owing the,
I
t

example below.
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Second, record data in a table using the format given below:

Traverse
Point Paces

Distance
(ft)

Forward
bearing

Back
bearing

Average
(Forward)

Internal
angle

Ci.----------------------------- -- ---- ----61
~ 22 110 N76E . S77W N76~E
B--------------- --.-------- --------- ---89
: 38-1/2 ]92 S12E N13W S12~E

c-------·---- - ----- -- --.------------- - - - -30
44--1/3 221 N43W S42E N42~W

A

Third, calculate error by filling out a table in the format given below:

r ---. ------------
. ~.' _ ,,, :'~ ,,.~'.=_ ..•.... ·····,· =-..·,.,-.·,·,·,.'v _.~'".: .• "..-.
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Traverse
point

A

B

C

A

D
Distance

110

192

221

0( N(+)S(-) departure E(+)W(-) departure
Bearing (use cos) (use sin)

N76~E + 25.7 +106.9

S12~E -187.4 ... 41.6

N42~W +162.9 -149.3
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Level Traverse
--..~

General nature of the problem': . You will be required to determine the

elevation of several points. If the elevation of the starting point is

known and if the level line returns to the starting point, the error in the

survey is simply the difference between the known elevation and the final

elevation. You will be required to make a full traverse and return to your

original point. A sample format is given below for your notes. Abbrevia­

tions in common use are: BM (bench mark), TP (turning point), HI (height

of instrument), BS (backsight), FS (foresight), and TBM (temporary bench

mark) .

Curb sw corner Elm and Lee

Station .-llit) HI FS !:::.) Elev.

BM-l 721.05('. 7.11 728.16 1.24
TP-l 726.92

8.83 735.75 1.11
TP-2 734.64

11.72 746.36 10.21
BM-2 2.7. ,,~ 1:2.56 736.15

4.32 740.47 9.96
TP-3 730.51

3.06 733.57 8.91
TP-4 724.66

0.08 724.74 3.72
BM-l

~5, 12- 35.15 721.02

Error = 721.05 - 721.02 = 0.03 ft.

Notes

Top boulder by bridge

ChtC~ fer 73'. 15
"th lie' -'- 7:t I. 05

an me' I 5' •I 0

.2.7.6'
J;;J.,.5~

i 5.10

1.24-

{

FS8S

I
t
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How to avoid large errors: Several sources of error are common. The

following list g~ves the errors in approximate order of importance.

(1.) Numbers on level rod are not read properly. Practice

reading the rod before starting your survey.

(2.) Instrument is not level because:

The instrument is in the sun and is heated unevenly.

The legs are not anchored.

The leg screws are loose.

The telescope is not locked in a horizontal position.

(3~) The rod is not held on the same turning point.

(4.) The rod is not held vertically.

(5.) The line of sight of the telescope is not parallel with the

bubble tube. Balance foresight and backsight distances to

correct this error.

(6.) Numbers are indistinct owing to heat waves. Reduce sighting

distances to correct for this problem.

Lab Report: All required data reduction should be performed and recorded

in the appropriate tables in your field notebook. Comments on the

accuracy of your work would be appropriate here too. Field notebooks

will be turned in at the time indicated. Your grade for this experiment

will be based sol ely on the contents of your fiel d notebook.

,
- .... ,. 'C" "','>-"', ~,.". .~, ;t.•~.,~;'_~.", Z"':"".......,'_•.",•.. _'':" '·-~·-~'fl.,..;t...,'";'(~~ ..... ~~·/: •.~·,:,·.. .-, • -, . ' ..~.~, .•• ,•.•"- •• - .-. '- ...,. n •• " .<.-



Check List for Surveying

1. Transit - level

2. Tripod

3. Bruntoncompass

4. Steel tapes (length, 100 ft. or more)

5. Red and blue flagging (bright plastic)

6. Short(811 ±) wood stakes

7. Hammer to pound stakes

8. Very large hats or umbrella to shade surveying instruments

9. Notebook and #3 pencil.

10. Scale and straight edge

11. Protractor (cheap plastic protractor is ok)

12 Calculator



EXAMPLES OF TAKING NOTES IN THE FIELD

Sample 1:

Sample 2:

Sample 3:

From IIManua1 of Field Geology," Robert R. Compton (1962),
John Wiley &Sons, Inc.

From the personal field book of S. N. Davis on a trip to
Ri~ihue, 1961. . .

From IIElementary Plane Surveying,1I R. E. Davis (1936),
McGraw-Hill Book Co., Inc.
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Mop sheet E-.l
. I. ~ massi"e firru 120' of this large otcp j It 9ra/l J hard

calc, local/I( weathered tan, friahle, well sorted, .mea. ID
coarse-t}rained; plat}... 20/', green chert (?) grains. abnt.

2. Cratjs SE... of I, /ine-tjrained.. ~-:-~~_"Jtl'f
S . 1-3'b..J "'h ..J' :"';"~:_:";'''''''~;;''':-"'o--A

..... Sin.. . ews W/I. 9rawlllQ ~~~::':::-~ .
Qna 10m. as shown ~..:-;:? ..:::;::7::.:::;·::f::7

2roc!< ISamples A and 8 show t'fP;co/~~':~8
samples qrain-s/ze "arialt'ons (see--). ..~ . .. .~.fTld5f

...... mast.. beds Yz-:-I' thick. ore .' II 1fI.'....m _ .. _ ..

silhl
l

apparan;;,! wilhoul farams. .. .
.. ... .3. Recon traverse fram pis•. land.. 2 .down. riclile..5!7oWS. sec/ion:

............ /(w . af /lote I v\\L "jlOte 1.... ~,L _ __ _ ..
s' confred fO L of st eJ SE. ..... '/:J' .. cre .. Dk ~nty cole sit '''Sf"n,!

:.. ::\~~~;)r:... :~.:.~:::':'.~~ >.·:.~~::.~.:~L·~::::·:< ..:~/ ...:.....~ ... ~)~~'~ ........
............................_ __ .._ s. (as "1."0;"2)'-':' ::.:

4. Fault fhal bringS mass/"e 5S a9ain$1 tltin.,.bda. unit well
exposed here... Main fault. and accessory shears. dip
SS-6S"; 9ou98 6~/S"lhiclc, with fra']s rhlj(?J.nof '{ttl
set!n in area J one .r-thlclc sl/ce of Rsm(i'J ..

... Groores Y2-.3~ deep p/un']e down-dip.
Phofa IPhofo af nexf spur fo HE where ,......-;;;:;,--R'n/.,.·a"-~::-::t!:-'1

170.9 thin-bdd S5 shows possible arag, ~ Fault \ .
ind/catin9 rt!vt!rse. movement..- ~/t ..........\.~

;r"1~ilff;;, T "--.:.:..~

fig. 1-2. Page from a geologic field notebook.
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(2) The levclman sets up the cnp;incer's level, takes n. backsight on II
bench mark, Illld computes a rod roadilll!: such that the foot of the rod
will he ILt th" c1l!vntion of a given contour. (3) The rodman movc:l
ahout all directt:tl by the IcvelnllLlI, locating criticnl contour points.

SURVEY OF PROPOSED RICe: FARM. C.K.PERRY

I(Fa .. Co!!±"'~,!'" Mop[l. ~ufffr:a!,sir 8.C. Pride, J; II.
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Notes on Using a Brunton Compass

From: Manual of Field Geology

Robert R. Compton

John Wiley &Sons, Inc.

1962
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Using the Compass, Clinometer,
and Hand Level

2-1. The Brunton Compass

A compass, clinometer, and hand level can be used to make a great
variety of surveys and to measure the attitudes of various geologic
structures. These three basic instrumcnts arc combincd in tlie Brun­
ton Pocket Tmnsit, which is commonly c'llled thc Brunton compass.
This compass is held by hand for most routine procedurcs, as those
described in this chapter; however, it can be mounted on a tripod
for more precise measurements, or can be used with a spccial ruler
on a plane table (Section 6-2). Although the detailed instructions
given in this chapter pertain especially to the Brunton compass, the
same general procedures can be adapted readily to other kinds of
compasses, clinometers, and hand levels.

The various parts of the Bnmton compass are shown in Fig. 2-l.
The compass is made of brass and aluminum-materials that will not
affect the magnetized compass needle. When the compass is open,
the compass needle rests on the pivot needle. The compass needle
can be braked to a stop by pushing the lift pin, which is located ncar
the rim of the box. When the compass box is closed, the lift pin pro­
tects the pivot needle from wear by lifting up the compass needle.

fig. 2-1. The Brunton compass. Insert at lower left shows enlarged section through
needle bearing.
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TIle rountl bull's eye bubhle is used to level the compass when a hear­
ing is read, and the tube bubble is used to take reading~ with' the
clinometer. TIle clinometer is moved by a small lever on the under­
side of the compass box (not shown in the figure).

A compass should be checked to ascertain that: (1) both levels have
buhbles, (2) the hinges are tight enough so that the lid, sighting arm,
and peep sights do not fold down under their own weight, amI (3)
the point of the sighting arm meets the black axial line of the mirror
when the mirror and sighting arm are turned together until they touch.
Other adjustments that may be reqUired are described in Section 2-10.

2-2. Setting the Magnetic Declination

The graduated circle of the compass can be rotated by tumingthe
adjusting screw on the side of the case. The 0 point of the graduated
circle is brought to the point of the index pin to measure bearings from
magnetic north. To measure bearings from true north ethe usual
case), the graduated circle must be rotated to correct for the local
magnetic declination. The local declination and its change per year
are given in the margin of quadrangle maps; however, the correction
for annual change will be only approximate if the map is more than
about 20 years old. The declination can also be determined from an
isogonic chart (Appendix 6). Finally, the declination at any given
point can be determined by setting the compass on a firm, level sur­
face and sighting on Polaris, the North Star. This reading should be
corrected approximately for elongation (Section 7-9).

13ecause the east and west sides of the compass circle are reversed,
it lIlay he lIIonwnlarily confusing as to which way to turn the circle.
Each setting should be reasoned out and checked. A declination of
20" cast, for example, meaus that magnetic north is 20° east of true
north, and therefore the circle is turned so that the index points to
20 on the E side of O. To check this, the compass is held level 'lIItl
oriented so that the white end of the needle comes to rest at o. The
entire compass is then rotated 20° in the direction known (geographi­
cally) to be east of north. If the needle then points in the direction
of the sighting arm, which is magnetic north, the declination has been
set correctly.

2-3. Taking Bearings with the Compass

A bearing is the compass direction from one point to another. A
bearing always has a unidirectional sense; for exumple, if the bearing
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from A to B is N 30 W, the bearing from B to A can only he S :30 Eo
Using the Brunton compass, the correct bearing stmse is from the COIll-'

pass to the point sighted when the sighting arm is aimed at tIll' poiu!.
.The white end of the needle gives the hearin~ directly hccalls(' tlll~'

E and \\' markings are tr:mspOSll(1. To wad acclIrate hearings, three
things must be done simultaneously: (1) tlw compass lllust hI' le\'I'I(~d,

(2) the point sighted must be centered exactly in the sights, and (3)
the needle must be brought nearly to rest. When the point sighted is
visible from the level of the waist or c1wst, thl~ following pro('('dm<l

should be used.

1. Open the lid ubout 135"; turn the sighting ann out mlll 111m lip
its hinged point (Fig. 2-21\).

2. Standing with the feet somewhat apart, hold the cOlI\pass at
waist height with the hox cupped in the left hand.

3. Cent('r the hull's cyc bubhlc, and, k('l'ping it upproxiinall·ly
centered, adjust the mirror with the right hand nntil the point sigh(l~d

and the end of the sighting arm appear in it.
4. Holding the compass exactly level, rotate the whole COIIIIl<lSS (on

an imaginary vertical axis) until the mirror images of the point sightcd
lind the tip of the sighting arm are superimposed on the hlack axial
line of the mirror.

5. Head the bearing indicated by the white end of the needle, which
should be nearly at rest.

6. After reading the bearing, check to make sure the line of sight
is correct and the compass is level.

7. Hecord or plot the hearing at once.

When the point sighted is visible only at eye level Of hy a skl'P
downhill sight, the following instructions apply.

1. Fold out the sighting arm as above, but open the lid only abolll
45° (Fig. 2-2B).

B

--
fie. 2-2. Compass set for taking a bearing at waist height (A) and at Ill'i~hl IIf
eye (8).
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2. Hold the compass in the left hand at eye level, with the sighting
ann pointing toward, and about 1 ft from, the right. eye.

3. Level the compass approximately by observing the mirror image
of the bull's eye bubble, and, holding the compass approximately
level, rotate it until the point sighted appears in the small sighting
window of the lid.

4. Holding the compass exactly level, rotate it until the point siglitcd
and the point of the sighting ann coincide with the axial line of the
window.

5. Read the bearing in the mirror, double checking for alignment
and level.

6. Transpose the direction of the bearing before recording or plot­
ting it (the compass was pointed in reverse of its bearing direction).

With practice, bearings can be read to the nearest Y2 ° provided the
needle is steady. When holding the compass at waist level, the largest
errors result from sighting the wrong point in the mirror. In the second
method, a good deal of patience is required to level and read the com­
pass from a mirror image. In either metho<.l, the compass must he
leveled accurately to give good results on inclined sights. If the
swing of the compass needle cannot be damped by the lift pin, the
hearing must be read as the center of several degrees of swing. Un­
less much patience is used, these readings are likely to have errors
of 1 or 2°.

2-4. Magnetic Deflections of Compass Bearings

The compass will give incorrect bearings if there is any local de­
flection of the earth's magn"etic field. Objects containing iron, such
as knives, hammers, and belt bucklcs, should be kept at II safe distance
while a reading is made. This distance can be determined by placing
the compass on a level surface and bringing the object toward it until
the needle is deflected. A strong pocket magnet must never be car­
ried near a compass. Steel fences, railroad rails, and steel pipelines
should be avoidc<.l if possible.

Rocks and soils rich in iron, especially those containing the mineral
magnetite, can cause deflections that are difficult to detect. Bo<.lies
of basalt, gllbbro, skarn, and ultrabasic rocks are particularly likely
to affect compass readings.. Relatively strong effects can be tested by
bringing large pieces of rock close to the compass. If the magnetic
mass is small compared to the distance hetween two stations, fore­
sights and backsights between the stations will give inconsistent re-
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200 It

A

~- _ _ _ _ Apparent bearing

Apparent bearing is N8SE - - - -~ is N7SW

Fi•• 2-3. Dellection of compass needles at two ends of a linc that passes nCllr a
small magnetic rock body.

suIts (Fig. 2-3). Where larger masses are involved, the deflection
can be measured by pinpointing two stations on an accurate map,
measuring the bearing between them with a protractor, and comparing
this bearing with a compass bearing taken between the same stations
in the field. This measurement will correct the declination for that
part of the area. The same result may be achieved by taking readings
on Polaris at a number of points within the area to he mapped. If
the magnetic disturbances are moderate and vary systematic,llly over
a given area, a local isogonicJTlap can be constructed from which
corrections of compass readings may be made. If magnetic deflcc­
tions are large and distributed irregularly, mapping must generally
be done with other instruments, as the peep-sight alidade (Scction
6-2) or the sun compass, a nonmagnetic instrument operated on the
basis of the time of day and the direction of the slin's rays. It is also
possible to make a compass traverse in such a way that the deflections
are accounted for (Section 3-5).

2-5. Measuring Vertical Angles with the Clinometer

Vertical angles can be read to the nearest quarter of a degree with
the clinometer of the Brunton compass. Instructions for this pro­
cedure are:

1. Open the lid about 45° and fold out the sighting arm, with its
point turned up at right angles.

2. Hold the compass in a vertical plane, with the sighting arm point­
ing toward the right eye (Fig. 2-4). The compass mllst he about 1
ft from the eye so that the point· sighted and the axial line in the
sighting window can be focused clearly.
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1

~---

fig. 2-4. Using the Brunton compass as a clinometer.

3. Look through the window of the lid and find the point to be
sighted, thcn tilt the compass until the point of the sighting arm, the
axial line of the window, and the point sighted coincide.

4. Mov~ thc clinometer by the lever on the back of the compass
hox until the tube bubble is centered, as observed in the mirror.

5. Check to make sure the sights are still aligned, then bring the
compass down and read and record the angle.

Computing difference in elevation. The approximate difference in
elevation between the point occupied and the point sighted can be
computed in the ReId if the slope distance is paced and if a small table

SP.QP·tan~M Estimated
heicht of

-===:::E;::--- - - - - S eye on tree

C:2~M i~Point soucht

Q - - - - - -- -Horizontal distance - - - ~

A

B
SP =QP ·tanLM + WQ

S Poinl soucht

Q

r--==~=:-= - - f~1 I,,~ __ - ------q Heichtof

p IJinstrument_______________:....1

Fig. 2-5. Finding difference in elevation (SP) from a vertical angle (M) and
horizontal distance (QP). (A) Relation used when sighting on a point at height
of eye. ( R) Relation used when sighting uphill to point itself.
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of sines of angles is available (difference in elevation = slope distnnce
X sine of vertical angle). The dHftlrence ill elevation can also be
determined if the horizontal distance between the points can be
scaled from amap or aerial photograph, the difference in elevation
then being computed from a table of tangents. The height of the
instrument above the point occupied is taken into account either by
( 1) sighting to a point that is at an equal distance above the ground
(Fig. 2-5A) or (2) 'sighting directly to the point on the ground and
correcting the difference in elevation by adding the height of the in­
strument for uphill sights and subtracting it for downhill sights (Fig.
2-5B).

2-6. Using the Brunton Compass as a Hand Level

The Brunton compass is converted to a hand level by setting the
clinometer exactly at 0, opening the lid 45°, and extending the sight­
ing arm with the sighting point turned up. The compass is held in
the same way as when measuring vertical angles. It is tilted slowly
until the mirror image of the hlbe bubble is centered. Any point liued
up with the tip of the sighting arm and the axial line of the sighting
window is now at the same elevation as the eye of the obstlrver. By
carefully rotating the entire instrument with a horizontal motiol1, a
series of points that are at the same elevation can be noted.

Difference in elevation by leveling. Thtl difference in elcvation
between two points can be measured by using the Brunton compass
as a hand level. The measurement is started by standing at the
lower of the two points and finding a.point on the ground that is
level with the eye and on a course that can be walked hetwecn the
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Fig. 2-6. Measuring the difference in elevation between lwo stations by using
a. hand level and counting eye-level increments.

nvo end. points. As the first level sight is made, an object such as a
stick. leaf. or stone is marked mentally and kept in sight while walk­
ing to it. Standing on this marker. another point at eye level is chosen
farther uphill. and the procedure is repeated until the end point is
reached (Fig. 2-6). The number of moves is talli9d and multiplied
by the height of the surveyor's eye, with the last fractional reading
estimated to the nearest even foot or half a foot. If the country is
reasonably open. the travtlrse can be made both quickly and ac­
curately. The serious error of miscounting the tally can be prevented
by keeping a pencil tally on the cover of the compass or by using a
tally counter.
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D = Ks + U+ c)

ST.·WT." CONSTANTS

This formula is employed in computing hurizontal distances from
stadia readings when sights are horizontaL

129. Stadia Constants.-The focal distance f is a constant for a
given instrument. It can be determined with all necessary aCCUl1lcy
by focusing the objective on a distant point and then measuring the
distance from the cross-hair ring to the objective. The distance c,
thuugh a variable depending upon the positiun of the llbjective, may

FJO.128.

are rays emanating respectively from a and b that pass undeviated
through the optical center O.

As ab = a'b', by similar triangles

Hence the horizontal distance from the principal focus to the rod is

d = ts = Ks, in which K ={is a coefficient called the .tadia interval
l l

factar which for a particular instrument is a constant so long as
conditions remain unchanged. 'I.'hus for a horizontal sight the dis­
tance from principal focus to rod is obtained by multiplying the stadia
interval factor by the stadia reading. The horizontal distance
from' center of instrument to rod is then

, i
i I

..... c ~ · f + c/ ............ ••. ,

................- - [)._ , ..

f d
i=s

Art. 129)

principal fOCI/S, anti its distancefrolU the optical center is called the
focallcngth of the lens.

Considering Fig. 128, imagine tbt aa' and bb' are parallel ray!!
emanating frolll the stadi:l hair;; II :lnd b. Then /<' is the principal
fOCIIS, I is the foca.l length of the objective, and the emerging rays
t:\ke the positions (IT.-1 and b'/<,lJ. .\lso imagine that aOA and bOB

•
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CHAPTER XI

127. The Stadia Method.-The stadia. method of measuring
distances is far more rapid than chaining and under certain conditions
is as accurate. It is a useful means of checking more precise measure­

ments. It is employed extensively in
trnnsit sun'eying, plane-table surveying,
and le\"eling.

The equipment for stadia measure­
ments consists of a telescope with stadia
hairs, and a stadia rod graduated usually
in feet and decimals. Any ,self-reading
leveling rod may be used as a stadia rod,
but for long sights special graduations are
emplo)'edj some of these are shown in
Fig. 127.

The process of taking a stadia measure­
ment consists in observing through the
telescope the apparent positions of the
two stadia hairs on the rod, the rod being
held vertical. The interval between the

. rod readings, called the stadia interval or'
FIG. 127.-Stadlll rods. stadia reading, is a direct function of the

distance from instrument to rod. For most instruments the ratio
of distance to stadia interval is 100.

For convenience and to lessen the chance of mistake, on transit
or plane-table surveys the stadia interval is determined by setting
the lower stadia hair on a foot mark and reading the position of the
upper hair.

128. Principle of the Stadia.-In Fig. 128 the line of sight is
horizontal, and the rod is vertical. The stadia hairs are indicated
by the points a and bj the distance between the stadia hairs is i. The
stadia interval is .f.

In optics ii is shown that a ray of light passing through the optical
center of a lens remAins undeviated in direction-a;od, "further, that
rays which are parallel on one side of the lens are all brought to a
focus at a fixed point On the optical axis. This point is called the
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For all. practical purposes the angles at A"and B' may be assumed
to be 90°. Let ItB ... ,; then A'R' ... 8 cos a. Making this sub.
stitution in Eq. (2) and letting K = Jli, the inclined distance is

.D• ... K, cos a + (j + c) (3)

The horilmntal component of thia inclined distance is

JI ... K, cos' a + (f + c) cos a (4)

'which is the general equation for determining the ho!1:i:Q.p,tal distance
from center of instrument to rod, when thelhi;;o(sight is inclined.

The vertical component of the inclined distance is

V .. K, COS" sin" + (f + c) sin a

•
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which is the general equation for determining the difference in
.'lcvation between the center of the Instrument and the point where
the line of sight Cllts the rod. To determine the difference in gronnd
ele\'ations, the height of instrument and the rod reading of the line
of aight must be considered.

FIG. 130.

Equations (4) and (5) are known as the stadia formulas for inclined
sights.

130a. Permissible Approximations.-More approXimate forms of
the stadia formulas are sufficiently precise for most stadia work.
Generally distances are computed only to feet, and elevations to
tenths of feet. For side shots where vertical angles are less than 3°,
Eq. (4) may properly be reduced to the form

J{ = Ks + (f + c) (6)

which'is the same as for horizontal sights (Art. 128).
Owing to unequal refraction and to accidental inclination of tho

rod, observed stadia intefvals are in general slightly too large. To
offset the systematic errors from these sources, frequently on surveya
of ordinary precision the (/+ c) constant is neglected. Hence in
any ordinary ca.~e Eq. (4) may with suflicient accuracy be expressed
in the forlll

•

(5)

(2)

[Chap. XI

Do = (t'B' + U+ c)
l
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V - ~K, sin 2a + ([ + c) sin Or

136

or

for all practical purposes be considered a constant. Its mean value
elm he determined by measuring the distance from the "ertieal axis
to the objective when the objective is focused for an average length
of sight.

Usually the value of (/ + c) is determined bl' the manufacturer
and is stated on the in:iide of the instrlll'nent, box. Ender ordi­
nary conditions (J + c) may be cons'idered as 1 ft. without error of
consequence.

129a. Stadia Interval Factor.~The nominal value of the stadia
interval factor K =Iii is usually 100. The interval factor can be
determined b:r obsen·ation. The usual procedure is to set up the
instrument in a position where a horizontal sight can be obtained
and with a tape to stake off, from a point distant (/ + c) in front of
the instrument, distances of 100 ft., 200 ft., etc., up to perhaps
1,000 ft. The stadia rod is then held on each of the stakes thus
established, and the stadia interval is read. The lltadia int.erval
factor is computed for each sight, and the Illean is taken as the
most probable value.

130. Inclined Sights.-In stadia surveying most sights are inclined,
and usually it is desired to find both the horizontal and the vertical
distances from instrument to rod. For con,'enience, the rod is
always held vertical.

}~igure 130 illustrates an inclined line of sight, AB being the stadia
interval on the vertical rod, and A'B' being the corresponding projec­
tion normal to the line of sight. The length of the inclined line of
sight from center of instrument is

I .
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In the columns headed "Observations," both the stadia distance
(or the sta<lia interval) and the vertical angle nre recor<le<l in the line
opposite each station. Horizontal sights are taken wherever possible.

133. Transit-stadia Surveying.-:-On transit surveys of low ~reci­

sion where only horizontal angles and distances are required, the
stadia is more rapid than chaining. In general, the surveying
procedure paralIels that when the tape is used. Stadia intervals are
observed as each point is sighted. Horizontal angles are measured,
but vertical angles are observed only if large enough to make the
horizontal distance appreciably different from the stadia. distance
(say, when greater than 3°) and then are estimatcd without reading
the vernier. The field· party consists of a transitman, one or more
rodmen, and usually 0. recorder.

On topographic and similar surveys, both the elevation of each
point and its location in a horizontal plane are desired. As each
point is sighted, both the horizontal and the vertical angle are meas­
llred, and the stadia interval is observed. This method may be
employed merely for the location of <letails, the horizontal and
vertical control. being established by other means; or it may be
employed for establishing control as well as for details.

If details only are to be located, the transit is set up at a traverse
or triangulation station the elevation and location of which are
known. The height of the instrumcnt (il.l.) above the station is
measur~d with a rod or tape. The transit is oriented by sighting
along a line whose azimuth is known, this azirnuth having been set
off on the horizontal circle. The upper motion is unclamped, and
sights to <lesired points are taken.

Where the required precisbn is not high, the cOntrol may be
establi.:!hed by transit-stadia traverse, and the detaila may be located

BllCksight Foresight I
Station I . EI.

Obsen'lltions I Dill. el. Obsen'uliollS I Dill. et

Art. '331 TRANSIT-ST_'DIA SURI'EYING 0
The transit is moved to a new position in advance of the turning
point, and the process is repeated. ;30 long as the index mark til
which vertical angl,'s are taken is unchanged, thc difference in Illeva­
tion c'lmputed from the stadia formula is also the difference in eleva­
tion between the two points on which the rod is held. If the chosen
index reading cannot be sighted, the vertical angle is measured to
some other graduation, and this rod reliding is given in the notes.
The notes are kept in a form similar to the following:

-:"'-...

•
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r = ~':i1\8 sin 2a (approx.)
~..

'->0... JI = 1\8 cos2a (approx.~ (7)

Also Eq. (5) mar be expressed \vitl\;;uflicTc;; accuracy fill' ordinary
"'ork in the form

Equations (7) and (8) ate simple in form and arc most generally
employed. The degree of approldmation using these formulas may
be still further reduced by adding 1 ft. to the observed stadia distance
}(s. .

When K is 100, the common practice is to multiply mentally thc
stadia interni by 100 at the time of observation and to record thi:s
value Ks in the field notebook. Thus, if the stadia interyal were
7.37 ft., the e/adia distance recorded would be 737 ft.

131. Stadia Reductions.-Ordinarily in practice the horizontal
distances and the differences in elevation are not computed by
actually solving the stadia formulas but are obtained by the use of a
table, diagram, stadia slide rule, or stadia arc on the vertical circle
of the transit, all of these devices being based upon these formulas.

Table VI gives, for each 02' of vertical angle up to 30°, the hori­
zontal distances (from principal focus to rod) an<l differences in eleva­
tion for K, = 100 ft., computed from the equations H = KIS cos2 ex
and V = ~)(, sin 2a [see Eqs. (4), (5), (7), and (8)). For any other
value of K., the tabular quantities are to be multiplied by the value
of KIS in hundreds of feet. The' table also gives the horizontal
distances and differences in elevation for three values of (f + c),
indicated as c in the table. :\lore elaborate tables may bc found in
various other publications. If Table Yl or a similar tl~ble is used,
the necessary multiplications may be carried out with sullicient
accuracy with the ordinary slide rule.

132. Uses of the Stadia in Leve1iIig.-.,-In differential leveling, the
backsight and foresight distances are balanced conveniently if the
level is equipped with stadia hairs.

In profile leveling or eros~-lSectioning, the sta<lia is a convenient
m~a1U of finding distances from level to points on which rod readings
are taken.

In rough inilirecneveling with the transit; tKe-stadia method ill
more rapid than any other. In running 0. line of levels by this
method, the 'transit is set up in a convenient location. A backsight
is taken on the rod held at the initial bench mark, first b)' observing
the stadia interval and then by measuring the vertical angle to some
arbitrarily chosen mark on the rod. A turning point is then estab­
lished in a<lvance of the transit, and similar Qbllervations are taken.

138
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FIG. 133.-Btadia Dotell.

at the same time. For 'the trayerse it is customary to observe the
stadia interval and vertical angle both forward and back from leach
bet-up of the transit, employing the mcauvalue in computations.
In measuring vertical angles it is customary, wherever practicable,'
t{) sight at a rod reading equal to the height of instrument above the
station over which the transit is set. Horizontal sights are taken
wherever possible.

Figure 133 shows a page of notes for a stadia traverse for which
side shots ale taken as the work of rtinning the traverse progresses.

•
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134. Errors in Stadia Surveying.-l\fnn.r of the errors of stadia
sun-eying nrc tho~e common tn all silllilnr operations of measllring
horizontal angles and differrnces in ele"ntion, prcviously discussed.
The sourccs of errol' in horizuntnl and \'ertical distances computed
from observed stadia intervals are as follows:

1. Stadia Il1lm'al FacioI' Not That J s8umcd.-This produces 3

systematic error i!l distances, the error being proportional to that in
the stadiaintcnoal factor.

2. Hod .Yot StalldardLenglh.-In stadia work of ordinary precision,
errors from this source are usually of no consequence.

3. h,cm-rect Stadia, 11lten'al.-An Ilccidental error occurs due to
the inability of the instrumentman to obsen'e exactly the stadia
interYal. This is the principul error affecting the precision of Com­
puted distances. It may be kcpt to a minimum by proper focusing
to eliminate parallax, by care in observing, and by taking observa­
tions at fhvorable times.

4. Rod Not Plumb.-This produces II small error in the vertical
angle. It also produces an appreciable error in' the observed stadia.
interval and hence in computed distances, this error being greater
for larger vertical angles. It may be elimi~ated by using a rod
level. '

5. Unequal Refraction.-The sight on the lower stadia hair, being
nearer the earth's surface, is affected by refraction more than the
sight on the upper hair; hence a positive systematic erroris produced.
.In ordinary stadia surveying the error is of no consequence.

134a. Errors in vertical angles have a relatively small effect upon
the precision of computed horizontal distances but a relatively large
effect upon the precision of corresponding differences in elevation.
For example, in sighting on a point 300 ft. away and within the usual
range of vertical angles, an error of 01', in vertical angle produces
no appreciable' error in horizontal distance but produces an error
in elevation of nearly 0.1 ft.

135. Precision of Stadia Surveying.-An important advantage
of transit-stadia surveying over transit-tape surveying is that, in
determining distances and differences in elevation by stadia, the
important errors may be made accidental; whereas, in chaining, the
important errors are systelllatic.

Many"factors influence the precision of stadia surveying, and no
definite statement of the precision for a given procedure ean be made.
Following are estinlates which are believed to be fairly repre~ntative
of several classes of stadia work, these estimates being based upon
experience.
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The elevation o'f station P 49 has previously been detennined as
785.1, Directions of the trav.erse lines are detennined by azimuth
and rouglili checked by._.9~!!erved magnetic bellJ'iFp.,l.)llldAtadill.
distances are recorded, rather than the rod intervals. The backsight
from statioll P 50 to P 49 cheeks reasonably close with the foresight
from station P 49 to P 50. The sights to points 502 and P 51 are
horizontal; the rod reading is shown in \he notes, and th9difference
in elevation is determined by direct leveling. III topographic survey­
ing a sketch is included in the notes, the points to which sights are
taken being numbered in the sketch.
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136. Numepcal Problems.

. 1. With line of sight horizontal, a stadia readiniris taken on a rod' held
at a chained distance of 600 + (j + c) ft. from the transit station. .The
rod rea<.\ing of the lower stadia hair is 0.82 ft., and of the uppef stadia
hair is 6.77 ft. What stadia interval factor is indicated by this
c>bservation7

2. A stadia interval of 6.31 ft. is observed with a transit for which the
stadia interval factor is 98.5, and (j + c) is 1 ft: The vertical angle is
+7°42'. Determine the horizontal distancu and difference in elevation
by means of (a) the exact stadia formulas for inclined sights, (P). the
approximate formulas, and (c) Table VI.

3. Following are the notes for a line of stadia levels. The elevation of
B.M., is 637.05.- The stadia interval factor ilt 100.0, and (j + c) .. 1.25 ft.
By U:i(l of Table VldW!rIuine the elevations of remaining points.

1. For side l>hots where llo single obseryation is taken with sights
steeply inclined and with no particular care taken to insure the rod',;
being plumb, horizontal distances may haye a precision lower than
.L100, and indh'idual ditTerences in eleyation may be in error::? ft. or
more per 1,000 ft. of horizontal distance.

2. Under the same conditions as in (1) but with small wrtical
angles and reasonable care used in approximately plumbing the rod
and with lengths of sight between 200 and 1,500 ft., the precision of
horizontal distances should be not lower than H 00; differences in
elevation per 1,000 ft. of horizontal distance need not be in error
more·than 0.3 ft. if vertical angles arc observed to 01' or Ulore than
1 ft. if vertical angles are ob~erved to 05'.

:t For a rapid stadia traverse of considerable length run through
rough country with numerous long sights, angles being measured to
minutes but without special precaution to eliminate systematic
errors, the error of closure Ulay be as low as 25.ft. per mile in plan
and 3 ft. per mile in elevation.

4. For conditions as in (3) but for country fairly level so that
all vertical angles are snlall, the error of closure ought not to
exceed 15 ft. per mile in plan and 0.5 ft.v'distance in miles in
elevation.

5. For rough country with vertical angles up to 15°, angles to
minutes, rod standardized, rod plumbed with level, sights limited to
1,500 ft. and tak~n forward and back from each transit station, and
interval factor carefully determined, the error of closure may be less
than 15 ft.Ydistance in miles in plan and 1 ft.Ydistance in miles
in elevation.

6. For conditions as in (5) but for level country so that !\ll ver­
tical angles are small, the error of closure may be as $mall as 6 ft.
v'distance in miles in plan and 0.3 ft. y'distance in miles in elevation.

•
'~

'~

143

Vertical angle

-0°58'
..;.0°44' (on rod at 9.2 ft.)
-3.4 ft. (direct le\'(18)
+3°37'

6.30
7.26
1. 91
2.08

Stadia interval

N U M ER I CAl, J'lWBl"E.\fS

41
42
43
44

Object

'",.:7;:;~ ..

Station Object Stadia interval Vertical angle

B
A 8.50 . +0°48'
C 4.37 . +8°13'

C
B 4.34 -8°14'
D 12.45 -2°22'

D
C 12.41 +2°21' .
E 7.18 +1°30'

I Backsight ForesightI
-

Station ! I

i Sta,lia I Ycrtil'al Stadia Vertical
intl'n'al angle interval angle

I I
I...

B.M., 4.26 -3°38' .. . o.. .. .....
T.P.. 2.85 -1 °41' 3.18 +2°26'
T.P.• 3.30 +°°56' 2.il -4°04'
T.P.a ; 2.66 +2°09' 4.45 -0°38'
B.M.• "." .. . ...... 3.09 +7°27'

5. Following are stadia intervilis 'and vertical angles taken to locate
points from a transit station the elevation of which is 415.7 ft. The
height of instrument above the transit station is 4.8 ft. The stadia
interval factor is 100, and (j + c) =0 1.0 ft. Compute the horizontal
distances and the elevations.

4. Following llre stadia inlen'nlg nnd vertical angles for a transit­
stadia traverse. The.elcYlltion of station A is 418.6 ft. The stadia
intllrval factor' is 100, and (j + c) .. 1.0 ft. Compute the horizontal
lengths of the courses llnd the elevations of the transit stations.

Art. 136J
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• From "Theory and Practice of Surveying." by Prof. J. B. Johnson. John
WUey" Sons. Inc., New York. .

TABLE \·I.I-HORIZOXT.\L \)ISTASCt::; AXD ELEVATIOSS TROY
. STADIA READlX\;:;

•.\,.
.p

303DISTANCES AND ELEVATIONS

T,\BLE VI.-HORIZllXTAL DIST.\XCES A"D ELEVATIOXS nOM STADIA
READIXGS.-Collli1lllcd

-.
t.···.···.,...

40 SO I
6° ,0

Minutes I1I0f. Dill. UOf. Dill'. Hor. Dill. HOf. Dill.Dist. E1ev. Dist. E1ev. DisL £Jev. DilL £Jev.
1-;-;- -I0 ...... 99.51 6.96 99·:14 8.68 98.91 10040 98.51 12.102 ...... 99.51 7;02 99·23 8·74 98.90 1045 98·50 12.154 ...... 99.50 7·07 99.22 8.80 98.88 10.51 98.48 1:1.216 ...... 99·49 7-I3 99·21 8.85 98.87 10·57 98.47 1:1.26

/8 ...... 99-48 7·19 99.20 8·91 98.86 10.6:1 9846 12.3210 .•.... 99·47 7·25 99.19 8·97 98.85 10.68 9844 12·38
12 .•.... 99-46 7.30 99.18 9·03 98•83 10·74 98.43 1:1·43i 14· ..•.. 99.46 7.36 99·17 9·08 98.82 10·79 98.41 12·49! 16 ...••. 99·45 742 99.16 9.14 98.S1 10.85 98040 12.55: 18 ...... 99·44 7·48 99.15 9.20 93.80 10.91 98.39 12.60! 20 ...... 99·43 7·53 99.14 9.25 98.78 10.96 98.37 12.66
22 ...••. 9942 7·59 99.13 9·31 98·77 n.02 98.36 1:1.7224 ..•••. 199·41 7.65 99·11 9·37 98.76 n.08 98.34 12·7726 ...... 9940 7·71 99·10 9·43 93'74 II.13 98.33 12.8328 .•.... 99·39 7·76 99·09 9-48 98.73 11.19 98,31 12.8830 ...... 99.38 7.82 99·08 "·54 98.72 II.25 98•29 12·94

32 ....•. 99·38 7·88 99·07 9·60 98.71 n·30 98.28 13·()Q34 ...... 99·.17 7·94 99·06 9.65 98.69 11.36 98.27 13.0536 ...... 99.36 7'99 99·05 9.71 93•68 II·42 98.25 13·1138 ..•.•. 99·35 8.05 99·04 9·77 98.67 11·47 98.24 13·1740 ...... 99-34 8.u 99.03 9.83 98.65 n·53 98.22 IJ.22
42 ...•.. 99·33 8.17' 99·01 9·88 98.64 n·59 98.20 13.2844 ....... 99·32 8.22 99·00 9·94 98.63 11.64 98.19 13·3346 ..•••. 99·Jl 8.28 98,99 10.00 .98.61 11.70 98.17 13·3948 ...... 99.30 8,34 98,98 10.05 98.60 11·76 98.16 IJ·45SO ...... 99.29 8·40 98.97 lOon 98.58 11.81 98.14 13·$0
52 •••••• 99·28 8,45 98,96 10.17 98.57 11.87 98.13 13.5654· ••••• 99.27 8.$1 98,94 10.22 98,56 11·93 98.u 13.6156 .•• '" 99.26 8·57 98,93 10.28 98.54 11.98 98.10 13.6758 .••••• 99.25 8.63 98,92 10·34 98'S3 12.04 98.08 13·7360 ...... 99.24 8.68 98,91 10·40 98.51 12.10 98.06 13·78

I---c = 0.75. 0·75 0.06 0·75 0.07 0·75 0.08 0·74 0.10
f-~C 1=1 1.00. 1.00 0.08 0·99 0·09 0·99 0.11 0·99 O.IJ

C = 1.25. 1.25 0.10 1.24 0.11 .I.24 0.14 1.24 0.16

5·23
5.28
5·34
540

5-46
5·52

5·57
5.63
5·69
5·75
5.80

5.86
5.92

5.98
6·04
6·09

~:

1.25 10.08

1.00 10.06

0·75 10.05

99·73
99.72
99·71
99·71
99·70
99·69

99.69
99.68
99.68
99.67
99.66

99.66
99.65
99.64
99.63
99.63

3-49
3·55
3.60
3.66
3.72

3·78

3.84
3·90
3·95
4.01
4·07

4·13
4.18
4.24
4·30
4-36

:10

0·75 10.03

nor. I Dill. II HOf. I DUr.
DisL E1ev. Dist. Elev.

0.02

Dill. II Hor. IDill.
E1ev. Dist. Elev.

1000

liar.
Di.t.

99·99 0·93 99·93 2.67 99.80 442 99.62 6.15
99·99 0·99 99·93 2·73 99.80 448 99.62 6.21
99·99 1.05 99.92 2·79 99·79 4·53 99.61 6.27
99-99 1.11 99.92 2.85 99·79 +59 99.60 6.33
99·99 1.16 99·92 2.91 99.78 4.6$ 99.59 6.38

99·99 1.22 99.91 2·97 99.78 +71 99.59 6.44
99.98 1.28 99.91 3.02 99·77 +76 99.58 6.$0
99.98 1·34 99·90 3.08 99·77 4.82 99·57 6.$6
99.98 1-40 99·90 3.14 99.76 4.88 99.56 6.61
99.98 1045 99·90 3.20 99·,6 +94..99.51i 6A7

99.98 1·51 99·89 3.26 99·75 4·99 99·55 6·73
99.98 1·57 99.89 HI 99·74 5·05 99·54 6.78
99·97 1.63 99·89 H7 99·74 5·U 99·53 6.84
99·97 1.69 99.88 343 99·73 5·17 99.52 6·90
99·97 1·'4 99.88 3-49 9?·73 5.23 99.51 6·96

100.00
109·00
99·99
9g·99
99·99

100.00
100.00
100.00
100.00
100.00

Minutes

DISTANCES .-lND ELEl'ATIONS

5:1 ....•..
54 ••.••..
56 .••••.
58 •..•..
60 .~ •.-•.

4:1 ...•••
44 ..
4~ ..
4 .
50 ..••..

3:1 .
34 .
36 .••.•.
38 ......
40 .:••••

1:1 •...•.
14 .
16 ..•...
18 ..•...
20 ......

:1:1 ..•...
:14.· .••.
26 •.•••.
28 .••• " ...
30 ......

c = 0"5'1~1 0.01 1~'75
I C _ 1.00.~ 0.01· 1.00 0.03 1.00 0.04

C - '·'S." ,.'S I·~,I,.,,I-~.~

I 'I- -
o ..... .11100.00 0.00 99·97 1.74 99.83
2 .•..•. I 100.00 0.06 99.97 1.80 99.87
4 ....•. 100.00 0.1:1 99·97 1.86 99.87
6 .. . . •. 100.00 0.17 99.96 1.92 99.87
8 ...••. 100.00 0.23 99.96 1-98 99.86

10 • . . • •. 100.00 0.29 99.96 2.04 99.86

0·35 99.96 2·09 99.85
041 99·95 2.15 99.85
0-47 99·95 2.21 99·14
0.5 2 99·95 2.27 99·S4
0.58 99·95 2·33! 99.83

0.64 99·94 2'38 99.83
0·70 99·94 2·44 99.82
0·76 99·94 2.50 99.82
0.81 99·93 2.56 99.81
0.87 99.93 2,62 99.81

.:
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•"'::;::r;.~
,"",/P

8° 9° i 10°
it

nO
I

I Di!. lIor. DUL

~
Dia. r lIor. Dill".

Minutes : U~t Dev. Dist. E1e,'. Di>t. ~IDi.L Dev.

"-
0 ...... 198.06 13·78 97·55 1.5.45 96.98 17·10 i, 96.3Cl 18.73
2 ...... 98.05 13.84 97,53 15.51 96.96 17.16196.34 18.78
4 •••••. ' 98•03 13.89 97.52 15·56 96.94 17.21 196.32 18.84
6 ...... 98.01 13·95 97.50 15.62 96.92 17.26 196.29 18.89
8 ...... 98.00 14.01 97-48 15.67 96.90 17.32 196.27 '18·95

10 ..•••. 97.98 14·06 97-46 15·73
1
96

.
88 17·37 ,96.25 19·00

12 ••• " .1: 97.97 14.12 97·44 15.78 96.86 1743 196.23 19·oS
14 ...... i 97·95 14.17 i 97-43 15·S4 ,96.84 17.48 i96.21 19·11
16 .• '" .,'97.93 14.23 !97-41 15·89 196.82 17.54 "96.18 19.16
18 ••.... 97.92 14.28 97·39 15·95 196.80 17.59 ~ 96.16 19.21
20 ...... 97.90 14·34 97·37 16.00 96,78

"A'I"·"
19.27

22 ...... 97.88 14-40 97·35 16.06 96.76 17.70 96.12 19·3:&
24.· ... '197.87 1445 97·33 16.11 96.74 17'16 96009 19.38
26 ••.••. 97.85 14·51 97.31 16.17 96.7:& 17. I 96.07 19·43
28 ••.••. 97.83 14.56 97.29 16:22 96.70 17.86 96.05 19.48
30 •••.•. 97·82 14.62 97.28 16.28 96•68 17.92 96.03 19·54

32 •••••. 97·80 14.67 97.26 16·33 96.66 17·97 96.00 19·59
34·· .... 97.78 14·73 97.24 16·39 96.64 18.03 195.98 19.64
36 ....... 97.76 14·79 97.22 1644 96.62 18.08 95.96 19.70
38 ...... 97·75 14.84 97.20 16.50 96·60 18.14 95·93 19-7S
40 ...... 97-73 14·90· J)p8 16·55 96·57 18.19 95.91 19·8G.

42 .•..•. 97.71 14·95 97.16 16.61 96.55 18.24 95·89 19.86
44 ...... 97·69 15·01 97.14 16.66 96.53 18.30 95.86 19.91
46 •••.•. 97.68 15.06 97.12 16·7:& 96.5 1 18·35 95.84 19.96
48 ...... 97.66 15·12 97.10 16·77 96.49 184 1 95.82 20.0:&
50 •••.•. 97.64 15·17 97.08 16.83 96.47 1846 95·79 20.07

52 •••••. 97.6:& 15·:&3 97.06 16.88 96-45 18·51 95-77 :&0.12
54 ...... 97.61 15.28 97·04 16·94 96.4' 18·57 95·75 20.18
56 ••••.. 97·59 15·34 97.02 16·99 96.40 18.62 95-72 20.23
58 ... :;. 97·57 15.40 97.00 17.05 96.38 18.68 95.70 20.28
60 ...... e)i·55 15·45 96.98 17.10 96.36 18.73 95.68 20·34

c ~ 0.75. 0·74 o.n 0·74 0.1:& 0·74 0.14 0·73 0.15

C'" 1.00. 0·99 0.15 0·99 0.16 0.98 0.18 0.98 0.20

c'" 1.25. r;.;; 0.18 1.23 0.21 1.23 0·:&3 I 1.:&2 0.25

•
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T.\BLE VI.-HORIZOXT.II. \)IS·fAXC1:S ... XD r.1.,,,·UIOXS FROll STADIA

READIXC:S.-Cv"ti""t·d

DISTANCES AND ELEl'.-1TIONS

12
0 II 13° Ii 14° 15°

1-li US Bor. Dia.' ltor. Dill. II nor. Pi!. ltor. Dilf.
DU Di.t. E1ev. Dist. Dev. Di.1. Dev. Dist. £lev.1---__ __ '-----

o ....•. 95.68 20.34 94·94 21.92/,94.15 2347 93.30 25·00
2 ...... 195.65 20·39 94·91 21'97194.12 23.52 93.27 25·0$
4 .•.•• 'j95.63 2044 94.89 22.02 94.09 23.58 93·24 25·10
6 . , .. " 95.61 20.50'94.86 22.08 94.07 23.63 93·21 2S·IS
8 ....• . /95'58 20.55 94.84 22.13' 94.04 23.68 93.18 25·20

10 .••• " 95.56 20.60 94.81 22.18194.01 23.73 93·16 25·25

12 ' ..•.. 195.53 20.66 94.79 2:&.23 93.98 23.78 93.13 25.30
q ...... 195.51 20·71 94.76 22.28 ji 93.95 23.83 93.10 25·35
16 . '" .. 95·49 20·76 94-73 22·341. 93.93 23.88 93.07 25·40
IS ...••. i95.46 20.81 94.7T 22.39 'j 93.()0 23.93 93·04 25-45
20 . . . . •. 95·44 20.87 94.68 22-44 93.87 23.99 93.01 25·50

22 ...••. 95-41 20.92 94.66 2249 93.84 24·04 9:&.98 25·5524 ...... 95·39 20·97 94.63 22·54 93.81 24·09 92.95 25.60
26 ....•. 95.36 21.03 94·60 22.60 93·79 24.14 92.92 25.65
28 ....•. 95·34 21.08 94·58 22.65 93-76 24.19 92.89 25·70
30 ...... 95.32 21.13 94·55 22·70 93·73 24.24 92.86 25·75

32 ...••. 95.29 21.18 94.52 22·75 93·70 24.29 92.83 25·80
34 ...... 95.27 21.24 94.50 22.80 93,67 24·34 92 •80 25.85
36 ...•.. 95.24 21.29 9447 22.85 93.65 24·39 92.77 2S·go
38 ...... 95.22 21·34 9444 22.91 '93.62 2444 92.74 25-95
40 ..•... 95.19 21·39 94-42 22.96 93·59 24·49 92.71 26.00

·42 ....•. 95~I7 21-45 94·39 23.01 93.56 24·55 92~68 26.05
44 ...... 95·14 21·50 9+36 23.06 93-53 24·60 92.65 26.10
46 ....•• 95·12 21·55 94-34 23.11 93.50 24.65 92•62 26.1$
48 ...... 95009 21.60 94.31 23·16 93-47 24·70 92.59 26.20
50 ...••. 95.07 21.66 94-28 23.22 93-45 24·75 9:&.56 26.25

52 .••... 95·04 21.71 94-:&6 23·27 93-42 24·80 92.53 26.30
54 ...... 95·02 21.76 94-23 23.32 93-39 24.85 9249 26,35
56 ... : .. 94·99 21.81 94-20 23·37 93.36 24·,90 92.46 26,40
58 ....•. 94·97 21.87 94-17 2342 93·33 24·95 92.43 26·45
60 ...... 94·94 21.92 94-15 23-47 93.30 25·00 92.40 26.50

0.17/
I--

c~0·75· 0·73 0.16 0·73 0·73 0.19 0·72 0.20

0.23Ir- f---
"c ... 1.00. . 0.98 0.22 0·97 0·97 0.25 0.96 0.27

C" 1.25. 1.22 0.27 1.21 0.29 I.U 0.31 1.20 0·34

. i"~•
•. 4"

~

DISTANCES AND },'LEI'ATIONS

TABLE VI.-1l0RTzoxTAL DTST.\XCES .\:-00 EUTATJOXS }'ROll STADT."
READTXC:S,-COI.til/lIed
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TABLE \'1.-1l0RIZOl\T.\L DISTAl\CES .\XD EU;V.\TIOXS l'RO~( STADI.\
R.:ADIl\GS.-Colllillllnt

I 16° I I i
O I ISo I 19°

:!oIl t I'nor. Diff·llIcr. Dia·IIIOr. Diff. nor. DId.• au os I Di.t. £lev. Di.t. Elev. Di.t. £lev. Disl. Elev.

I---Ib ~L-- ----1-,----­
° ..... : 92.4° 26.50 91.45 27.96 90·45 29·39 89.40 30.i8
a .•..•. :92.37 26.5) 91.42 28.01 go·42 29-44 89.36 30.83
4 .... "192.34 26·59 91.39 28.06 go·38 29-48 89·33 30.87
6 •.•.•. 92.31 26.64 91.35 28.10 go.35 29·53 5<).29 3°.92
8 ..•••• 92.28 26.69 91.32 28.15 9°.31 29.58 .89.26 30.97

10 •..••. 92.25 26.74 91.29 28.20 go.28 29.62 5<).22 31.01

J2 •••••• 193.22 26.79 91.26 28.25 90.24 29.67 89.18 31.06
14 92.19 26.84 91.22 2S.30 go.21 29.72 5<).15 31.10
16 ...••. '93.15 26.89 91.19 28.34190.18 29.76 59.11 31.15
18 92.12 26.94 91.16 23.391 90.14 29.81 &;l.08 31.19
20 ....• '192.09 26.99 91.12 28·44' 9o.n 29.86 89.04 31.24

22 ..... '192.06 27.04 91.09 28-49 go.07 29.90 Sg.oo 31.28
24 .•••.. 92.°3 27.09 91.06 28.54 go.04 29·95 88.96 31.33
26 •..••. 92.00 27.13 91.02 28.58 go.oo 30.00 88.93 31.38
28 ..••• '191'97 27.18 go·99 28.63 89·97 30004 88.8<) 31.42
30 •..•••. 91.93 27.23 go·96 28.68 Sg.93 30.09 88.86 31.47

32 •••••. 91.go 27.28 90.92 28·73 89·go 30.14 88.82 31.51
34 .••• : .191.87 27·33 go.Sg 28·77 89.86 30.19 88.78 31.56
36 .•••• 'j91.84 27~38 go.86 28.82 89.83 30.23 88.75 31.60
38 •.•••. 91.81 27;"43 go.82 21lo87 89.79 30.28 88~71 3f.05
40 ..•••. 91·77 27-48 go.79 28.92 89.76 30.32 88.67 31.6g

42 ..•••• 91.74 27.52 go·76 28.96 89.72 30.37 88.64 31.74­
44 .•••.. 91.71 27.57 go·72 29.01 89.69 30-41 88.60 31.18
46 ....•. 91.68 27.62 90.69 29.06 89.65 30-46 83.56 31.83
48 91.65 27.67 go.66 29.n 89.61 3°.51 83.53 31.87
50 ••.. :., 91•61 27·72 90.62 29.15 Sg.S8 30.55 88-49 31.92

52 •••••. 91.58 27.77 go.59 29.20 89.54 30•60 88·45 31.96
54 •••••. 91.55 27.81 go.55 29.25 89.51 30.65 88-41 32.01
56 ••.• ". 91:52 27.86 go.S2 29·30 8<).47 30.69 88.38 32.05
58 ••.•.. 91.48 27.91 9°.48 29.34 89.44 30.74 88·34 32.09
60 ; ••- •. 91.45 27.96 go.45 29.39 89·40 30·78 88.30 32.14

I-:-=':"

e '" 0.75. 0.72 0.21 0.72 0.23 0.71 0.2,4 0.71 0.25

e '" 1.00. 0.96 0.28 0.95 0.30 0.95 0.32 0.94 0.331----II---J--_U__·I__--jI I _

c - 1.25. 1.20 0.35 1.19 0.38 1.19 0.40 1.18 0.41

•
30i

T.-\BLE VI.-1I0RIZOXT.\L 1)1:iT.\XCI·::i )\):Il EI.I::\'.\TIOXS .·lllHI Sr.-\DI,\
RE.\DIXGS.-CMlli IIIit'd

1>lSTANCES AND ELELITlONS

, I
22

0
\ 23°20° II 21°

" I~. I Hor. Did. Hor. ma. Hor. Dia. Jlor. DitI.
• Minute.. I Di.t. E1cv.1 ~ist. Elcv. Disl. E1cv. Dist. Dev.

~--i-=----

! 0 ...... ,88.30 32.I4 :'7·16 33.46 85·97 34·73 84·73 35·9i
2 ....... 88.26 32.18 87.12 33.50 85·93 34·77 84·1:9 36.01
4- .... " 88.23 32 • 23 87.08 33·54 85.89 34·82 84.65 36.05
6 . • . • .. 88.19 32 •27 87·04 33·59 85.85 34.86 84.61 36.09
8 ...... 88.15 32.32 87.00 33.63 85.80 34·go 84-57 36.13

10 . . . . .. 88.n 32.36 86.96 33.67 85.76 34·94 84.52 36.17

12 ...... 88.08 32.41 86.92 33.72 85·72 34·98 84-48 36.21
14 ....•. 88.04 32.45 86.88 33.76 85.68 35.02 84·44 36.25
16 ...... 8S.00 32.49 86.84 33.80 85.64 35.07 ,84.40 36.29
18 .•..•. 87.96 32.54 86.80 33.84 85.60 35·u :84-35 36.33
'20 .•.... 87-93 32.58 86·77 33.89 85.56 35.15 8.t·31 36.37

2~ •••.•. 87·89 32.63 86·73 33·93 85.52 35.19 84·~7 36.41
24·· .... 87.85 3~·67 80.69 33·97 85-48 35.23 84.23 36.45
~6 ...... 87·81 32.72 86.65 34.0 1 85·44 35.27 84.18 36.49
~8 ...... 87·77 32.76 86.61 34.06 85-40 35·31 84.14 36.53
3° ...... 87·74 32.80 86·57 34·10 85.36 35.36 84.10 36.57

32 ...... 87.70 32.85 86·53 34·14 85.31 35-40 84.06 36.61
34 ...... 87.66 32.89 86·49 34.18 85.27 35-44 84.01 36.65
36 ...... 87.62 32.93 86·45 34·~3 85.23 35-48 83·97 36.6g
38 ...... 87.58 32.98 860<41 34;~7 85.19 35·5~ 83·93 36,73
40 ...... 87.5~ 33.02 86,37 34.31 85.15 35.56 83.89 36.77

41· .. • .. 87.51 33·°7 86·;n 34·35 85.11 35.60 83.84 36.80
44 ...... 87-47 33·Jl 86·~9 34-4° 85'°7 35.64 83.80 36.84
46 ...... 87·43 33.15 86.25 34·44 85·0~ 35.68 83.76 36.88
48 ...... 87·39 33.20 86.21 34-4.8 84.98 35·7~ 83.7 2 36,9 2

S° ...... 87·35 33.24 86.17 34.52 84·94 35.76 83.67 36,96

5~ ...... 87·31 33.28 86.13 34·57 84·go 35.80 83.63 37·00
54 ...... 87.27 33·33 86·09 34.61 84.86 35.85 83·59 37·04
56 ...... 87.24 33·37 86.05 34.65 84.82 35·8g 83·54 37.08
58 •••••• 87.20 33-41 86.01 34.69 84·77 35·93 83.50 37.12
60 ...... 87.16 33-46 85·97 34-73 84.73 35·97 83.46 37-16

e ~ 0.75. 0·70 0.26 0·70 0.27 0.69 0.29 0.69 0·3°

I 0·93
1- -,-I-----

e = 1.00.I0·94 0·35 0·37 0.92 0.38 1 0·9~ 0-40
I- I-

e = 1.~5. 1.17 . 0.44- If 1,16 0.46 1.15 0.48 1.15 0.50

:a

..:.:;:0..-,

,'~r
'.~

mSTANCES AND El,EI",\ TlONS

~".\\
Wi'Y
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T'\BLE VI.-HoRIZOXT,\L DISTA:-:CES .\XO ELEVATIOXS FROU ST.\IlI.\
REAOIXGS.-CtlI,tilll/cd

;
:44;1 :!So ; :6° 27°

,
I'

)linute5 Hot. Di!!. Hot. Dia. IIIot. Dia 1J0r. Dill.
Disl. D.\,. Disl. Dcv. Dist. EI.v. Dist. El.v.

0 ...... 83-46 37.16 ' 1>2.14 38.30 80·78 39-40 19·39 4°·45
2 ...... 83.41 37.20 82·09 38.34 80·74 39M 79·34 40·49
4 .. •• .. : 83·37 37-23 82.05 38,38 So.69 39-47 79·3° 40.5 2
6 •••••. 83·33 37·::7 82.01 38-41 80.65 39·51 79.25 4°·55
8 ...... 83.28 37.31 81·96 38-45 80.60 39·54 79.20. 40.59

1O ...... 83.24 37·35 81·92 38-49 80·55 39.58 79.15 40 .62

12 ...... 83.20 37·39 81.87 J8.s~ So.5I 39.61 79.11 40.66
14 • •.•••• .83.15 3743 81.83 38,5 So·46 39.65 79.06 40.69
16 •••••• i83·II Ji-47 181.78 38.60 So.4I 39.69 79.01 4°.7 2
18 ...... ' 83·°7 37.51 81·74 38.64 80·37 39.72 78.96 4°·76
2O ...... 83.02 37·54 81.69 38.67 So'32 39.76 78.92 4°·79

aa •••••. 82.98 37.58 81.65 38.71 80.28 39·79 78.87 40.82
24 ...... 82·93 37.62 81.60 38.75 So.23 39.83 78.82 40.86
26 ...... 82.&9 37.66 81.56 38.78 8o.J8 39.86 78,77 40.8g
28 •••••• 82.85 37-7° 81.51 38.82 So·J4 39·90 78.73 4°.92
3° ...... 82.So 37·74 81-47 .J8.86 80,09 39·93 78•68 4°.96

32 •••••. 82.76 37-77 8I-4~ 38.8g So.04 39·97 78.63 4°·99
34 .. ·• .. 82·72 3,.81 81'38 38,93 So.oo 4°.00 .78.58 -<;«.02
36 •••••. 82.67 37.85 81·33 38,97 79·95 4°·°4 78.54 41.06
38 ...... 82.63 37·8g 81.28 39.00 79·9° 4°·°7 78,49 41.09
4° ...... 82.58 37:93 81.24 39004 79.86 41).II 78.44 41.12

42 ...... 82·54 37.96 81.19 39.08 79.81 40·14 78,39 41.16
44 ...... 82-49 38.00 81.15 39·I1 79-76 4°·18 78,34 41.19
46 ...... 82-45 38.04 81.10 39.15 79.72 4°·21 78,3° 41.22

48 ...... 82-41 38•08 81.06 39.18 79.67 4°,24 78.25 41.26
S° ...... 82.36 38•11 8I.OJ 39.2:1 79.62 4°·28 78.20 41.29

52 ...... 82.32 38.15 lIo·97 39·26 79.58 4°.31 78.15 4J·32
54 .. • .. • 82.27 38•19 80.92 39.29 79·53 4°·35 78•JO 41.35
56 ...... 82.~ 38•23 80.87 39·33 79-48 4°.38 78.06 41.39
58 •••••. 82.18 38.26 80.83 39.36 79·44 4°-42 78.01 41.42

60 ; ..... 81.14 38.30 80.78 39-40 79·39 40.45 77-96 41.45

C "" 0.75. 0.68 0.31 I o.tS 0.32 0.67 0·33 0.66 0·35- -
C" 1.00.

~I 0-4

1 I 0·90 043 0.89 0·45 0.89 0.46

J.14 '1-;';; - I-
e"" 1.25. 1.13 0·54 1.12 0.56 J.lI 0.58
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0·64

43-47
43·5Q
4J.S3
43.56
43-59

43·62
43·65
43.67
43-7°
43-73

43-76
43·79
43.82
43·84
43.87

43·90
43·93
43·95
43-98
-'14.01

30°

74-70
74.65
74.60
74·SS
74·49

74-44
74·39
74·J4
74.29
74.24-

74.19
14.14
74·09
74·°4
73-99

13·93
73·S8
7J.83
13-78
73-13

4 2.59
42•61
42.65
42 •68
42.71

42.74
4 2.71
42•80

42 •83
42 •86

42 •89
42.92
42.95
42.98
43.01

43·°4
43·°7
43.10
43.13
43.16

76.20
76.15
76.10
76.05
76.00

75·95
75·go
75.85
75·80
75·75

75.70

75.65
75.60
75·55
75.50

75·45
75.40

75·35
75.30
75.25

41.65
41.68
41·71
41.74
41.77

41.81
4 1•S4
41.87
41·90
41 .93

4 1.97
42.00
42 .°3
42 •06
42 .09

77-18
77·13
77·09
77-04
16,99

2S· II 29° II
--.r--ii---,.--

l . !

~I' II Ilor. Dill. Ilor. Dill. II Hor. Dill.

I .,:>ules '~~~~I'~~
° ..... "i1 77-96 41.45 16.50 42.40 15·00 43·30
2 ...••.•" 77,91 .1I.48 76.45 42.43 74·95 43-33
4 .•..... i1 77-S6 41.52 76.40' 42.46/ 74.90 43-36
6 ....... /1 77-81 41·55 76.35 42.49 74·85 43-39
8 •••.••. I 77-i7 41.58 76,30 42.53 74.80 43-42

10 J: 77.72 41.61 76.25 42.56 74.75 43-45
Ii
"13 J, i7.67

14 !' 77.62
16 :: 77.57
18 77.52

.20 .••.... i' 71-48

22 1 7742
24 , 77'38
26

1
71·33

28....... 77-28
3° .......1 77-23

32 •••••••

34 .

1
3~ .

.3 ..
4° ..

DISTA.VCBS AND EI,El'ATIONS

T\BLl: VI.-HoRIZOXT.\L J)ISTAXCES ,\XD Eu:v.\TIOXS FRmi SHOU
REAllIN';S.-COII.-!III/,-d

42 .•.•• "1 10·94 42.I 2
44 ... .. .. 76.89 42.IS
46 .. .. • .. 76.84 42.I9
48 • .. • .. . 76.79 42.22
So • ~ . ... • 76.74 42.25

52 •••. " . 76.69 42.28 75.20 43.18 73.68 44.04
54 • '" . . . 76.64 42.31 75·15 43.21 73.63 44·07
56. • •• • • . 76.59 42.34 7S.10 43-24 73·58 44·09
58 . " • " . 76.55 42.37 75.05 43.27 7J.5a 44.U
60 • • •• . • . 76.5° 42.40 75.00 43.30 73-47 44.15

I ------,
C ... 0.75.. 0.66 0.36 0.65 0.37 0.65 0.38

C =0 1.00..~ 0.48~ 0.49 0.86~
c·... 1.25. _I 1.10 0.60 I 1.0/) 0;62 1.08

:•

~:}

/)[S7'.4NCES ANI> EI,El',tTIONS

Ai'. ';:~';
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• BASIC SURVEYING EXERCISES

1. Detenni ne your averaqe length of pace.

2. Learn to use instru~nts.

3. Measure a distance of approximately 200 ft. on nearly level ground

by tape and stadia-transit and compare. Assume the tape measurement

to be the standard and calculate the percentaqe error in the stadia

method.

4. Make a Brunton and pace survey of the assigned polygon.

5. Make a transit-stadia survey of the polyqon~ Check your distances by

tape.

6. Determine the elevations of the vertices of the polygon by using the

7.

transit level. Assume elevation of point A to

Determine the error of closure of the poly~on;

than f50, compensate the x- and y-projections,

closes.

be 100 •00 ft.

if Jl. =1f2+f~ is 1esst x y

so that the polygon

8. Determine the coordinates of the polygon.

9. Calculate the area of the poly~on.

\
10. Determine the error of closure ;in the levelinq. If toE < 0.10 ft, com-I .

i
pensatethe error, by the rela~ion

toE =error in the intermediate point (vertex)
total distance leveled total distance leveled up to that point

This means that you must have an estimate of the distances leveled, which

will not be in general equal to the sides of the polygon. The estimation
I .
I

by pacing will be adequate. If the errors are greater than the tolerances,

the survey has to be repeated.
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